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In the 1950s and 1960s, Drs Dernikhov, Kolesov, and 
others successfully grafted the internal mammary ar- 
tery to the coronary arteries in experimental and 
clinical settings. 1-3 These early feats were remarkable in 
that the anastomoses were performed on a beating heart 
without a cardiopulmonary bypass. Although this 
method of coronary bypass grafting continued to be 
employed by a few surgeons in the 1970s and 1980s, it 
was abandoned by most as the techniques of cardiopul- 
monary bypass and methods of myocardial protection 
i m p r ~ v e d . ~ - ~  As a result of pharmacologic advances and 
concern about the detrimental effects of the cardiopul- 
monary bypass, coronary revascularization without 
cardiopulmonary bypass has been reintroduced as an 
alternative to the conventional a p p r ~ a c h . ~ - ~ ~  
Less invasive techniques to cardiac surgery have 
emerged as an extension of videoscopic and endovascu- 
lar ~ u r g e r y . ~ ~ ~ J l - l ~  As with other minimally invasive 
procedures, these methods promise less morbidity, 
shorter hospital stay, and lower overall cost. Many 
centers have reported increasing experience with mini- 
mally invasive coronary revascularization on a beating 
heart through a limited thoracotomy i n ~ i s i o n . ~ > ~  An- 
other technique, based on the concept that successful 
coronary revascularization and intracardiac proce- 
dures rely on the use of cardiopulmonary bypass with 
cardioplegic arrest, has been developed enabling car- 
diac surgery to be performed in a still and bloodless 
field through smaller incisions. 12-17 This port-access 
system has been successfully employed clinically in 
single and multivessel coronary revascularization and 
valve surgery. Exposure of the lateral and posterior 
aspects of the heart is readily achieved, thereby facilitat- 
ing multivessel coronary revascularization. 
In this article, we present the port-access technology 
of cardiopulmonary bypass and cardioplegic arrest and 
its application in coronary revascularization. Specifi- 
cally, multivessel revascularization using internal mam- 
mary artery grafts and the ascending aorta for inflow of 
saphenous vein grafts is discussed. 
BACKGROUND 
In 1993, Peters" described an innovative technique of 
endovascular cardiac surgery using peripheral cardio- 
pulmonary bypass and a balloon catheter passed into 
the ascending aorta to provide aortic occlusion, car- 
dioplegia delivery, and left ventricular decompression. 
The design of this catheter has been modified and serves 
as the basis for port-access cardiac surgery. The endo- 
aortic device or endoclamp is a triple-lumen catheter 
with a distal inflatable balloon used for aortic occlusion 
(Heartport, Inc, Redwood City, CA). Antegrade car- 
dioplegia is delivered through the central lumen, which 
also functions as an aortic root vent after delivery of 
cardioplegic solution. A smaller lumen extends to the tip 
of the catheter and functions as an aortic root pressure 
monitor. The third lumen is used for distal balloon 
inflation and assessment of inflation pressure. Intraop- 
erative fluoroscopy and transesophageal echocardiogra- 
phy are required to guide endoclamp positioning in the 
ascending aorta. Care is taken to assure proper place- 
ment of the catheter, because misplacement can result 
in aortic valve incompetence, arch vessel occlusion, and 
an inability to achieve cardioplegic arrest. Percutane- 
ously placed via the jugular approach and passed into 
the pulmonary artery, an endopulmonary artery vent- 
ing catheter assists in ventricular decompression (Heart- 
port, Inc). Should a retrograde delivery of cardioplegia 
be desired, an endocoronary sinus catheter can be 
similarly placed via a jugular puncture (Heartport, 
Inc) . 
SURGICAC TECENIQUE 
The patient is placed in a supine position with the left 
side slightly elevated. Double-lumen endobronchial in- 
tubation is used for single lung ventilation during either 
left or right internal mammary harvest. Arterial and 
venous lines include right and left radial arterial lines 
for systemic pressure monitoring, an endovascular 
pulmonary artery venting catheter placed via the jugu- 
lar vein, and venous access lines for drug and volume 
infusion. The percutaneously placed retrograde coro- 
nary sinus catheter is typically not used for coronary 
revascularization except in certain situations, eg, any 
degree of aortic valvular incompetence and severely 
depressed left ventricular function. The patient is fully 
prepared and draped in the usual fashion. External 
defibrillation pads are placed with the posterior pad 
placed in the interscapular region and the sterile 
anterior pad just to the right of the sternum. 
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1 The port-access system. Femorofemoral cardiopulmonary bypass is performed with assisted venous 
drainage. The endoaortic clamp, placed through the side port of the femoral arterial cannula, is inflated 
in the ascending aorta and antegrade cardioplegia delivered through the central lumen. The percutane- 
ously placed endopulmonary vent assists in ventricular decompression. An endocoronary sinus catheter 
may be placed for the delivery of retrograde cardioplegia. 
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2 A limited left anterior thoracotomy (measuring 7 to 10 cm) is made, and a small portion of the cartilaginous 
fourth rib is resected. In order to avoid injury to the underlying internal mammary artery, care is taken to 
remove the medial portion of the rib. The incision can be made slightly more lateral and exposure can he achieved 
without rib resection, leaving it as an alternative. 
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3 After adequate retraction of the chest wall, dissection of the left internal mammary artery is performed under direct 
vision and facilitated with video-assisted thoracoscopy, if necessary. If a right internal mammary artery is to be used, the 
graft is harvested through a small right anterior mediastinotomy incision in a manner similar to that of the left internal 
mammary artery. 
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4 After mobilization of the left and/or right internal mammary arteries, a longitudinal pericardiotomy 
is made exposing the target coronary arteries, and the length of the graft is assessed before dividing the 
graft distally. Additionally, extension of the pericardiotomy superiorly permits evaluation of the 
ascending aorta as a possible inflow site (for proximal anastomosis) for saphenous vein grafting. 
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5 Concurrent with the internal mammary artery mobilization, the radial artery of the nondominant arm is harvested, taking 
care to preserve the venous pedicle. Preoperative assessment of the radial artery includes the Allen test; intraoperative 
assessment includes evaluation of the retrograde pulse with manual compression of the proximal radial artery after surgical 
exposure. The radial artery is prepared (flushed) using heparinized blood and papaverine solution. The saphenous vein is 
harvested in the conventional fashion. 
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6 The patient is fully heparinized (300 u/kg IV) and the internal mammary artery is divided distally and prepared. 
The radial artery graft is anastomosed in an end-to-side fashion to the left internal mammary artery 3 to 5 cm 
proximal to the distal cut end using 7-0 or 8-0 polypropylene sutures. Flow in the internal mammary artery graft and 
the radial artery “T-graft” is evaluated upon completion of the anastomosis. 
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7 The femoral artery is cannulated with a 21  o r  23F cannula with a side limb 
(Heartport, Inc), and the femoral vein is cannulated with a long 28F cannula with 
multiple side holes (Heartport, h e ) .  A 10.5F endoclamp is introduced through the 
side port of the femoral arterial cannula and positioned in the ascending aorta 
based on fluoroscopic and transesophageal echocardiographic guidance. Cardio- 
pulmonary bypass is instituted and a centrifugal pump (Biomedicus, Medtronic, 
Minneapolis, MN) is used to augment venous drainage. Systemic hypothermia is 
achieved. 
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8 With the heart decompressed, the pericardiotomy is extended to the 
pericardial reflection thereby exposing the ascending aorta. Stay sutures are 
placed on the pericardial edge at the level of the ascending aorta and the aorta is 
presented for placement of side-biting clamps. 
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9 After the placement of the side-biting clamp, a small aortotomy is made 
with a standard aortic punch. The reversed saphenous vein graft is placed in an 
end-to-side fashion to the ascending aorta using continuous 5-0 or 6-0 polypro- 
pylene sutures. The saphenous vein graft flow and orientation are assessed. This 
manuever may be repeated depending on the number of vein grafts needed. The 
side-biting clamp is removed. 
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10 Under fluoroscopic guidance, the endoclamp balloon is inflated 
and its position verified with a limited contrast injection’ into the aortic 
root (using the central lumen of the endoclamp). This intraoperative 
fluoroscopic image shows the inflated endoclamp with contrast in the 
aorta root, outline of the venous cannula, and the presence of a 
transesophageal echocardiographic probe. Antegrade cardioplegia is 
delivered through the central lumen. After achieving cardioplegic arrest, 
the central lumen is used as an aortic root vent. 
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11 If the right coronary artery is a target vessel, the right internal mammary 
artery-coronary artery anastomosis is performed first. Standard and specially designed 
port-access instrumentation and continuous 7-0 polypropylene sutures are used for the 
anastomosis. A saphenous vein graft, previously anastomosed to the ascending aorta, can 
be used instead of the right internal mammary artery graft. To bypass into the posterior 
descending artery, the heart is retracted by left thoracotomy exposure, and a saphenous 
vein graft is used as the conduit; typically, the right internal mammary artery is not long 
enough to reach this target in our experience. After completion of the anastomosis, the 
vein graft is draped anteriorly along the right atrioventricular groove. An alternative 
method is to use a radial artery or saphenous vein interposition graft (extender) between 
the right internal mammary artery and the posterior descending artery. 
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12 The coronary arteries on the lateral and anterolateral wall (eg, obtuse marginal branches) can be exposed with 
gentle cardiac retraction and grafted using either a saphenous vein or radial artery graft (previously constructed T-graft). 
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13 The left internal mammary artery to the left anterior descending artery anastomosis is 
performed last. After completing all distal coronary anastomoses, the endoclamp is deflated, and all 
anastomoses inspected for hemostasis. The deflated endoclamp is left in the ascending aorta during the 
early weaning period to retrieve residual air in the ascending aorta. The endoclamp is subsequently 
removed and the patient weaned from cardiopulmonary bypass. Protamine is given for heparin 
reversal. The femoral vessels are repaired using 6-0 or 7-0 polypropylene sutures. All sites, including the 
coronary anastomoses, the distal ligated end of the internal mammary artery, the intercostal vasculature 
of the fourth rib, and the divided pectoralis major muscle, are inspected to ensure hemostasis. A 32F 
right-angle chest tube is placed into the left pleural space at the level of the seventh interspace. The chest 
incision is closed with reapproximation of the pectoralis major, subcutaneous tissue, and skin. 
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COMMENTS 
Postoperative Care 
The patient is returned to the intensive care unit and 
weaned from mechanical ventilation. Pain control is 
generally achieved with intravenous narcotics and/or 
nonsteroidal antiinflammatory agents (eg, parenteral 
ketorolac). Intercostal nerve blocks are often per- 
formed before the closure of the incision, thereby 
providing additional analgesia. For patients with de- 
pressed myocardial function, inotropic agents may be 
necessary, as is the case with the standard approach to 
coronary revascularization. The chest tube is generally 
removed on the first postoperative day, and the patient 
is transferred to a monitored ward. Follow-up coronary 
angiography is performed depending on the patient's 
clinical course; there is no standard protocol for postop- 
erative coronary angiography. Patients are seen in the 
outpatient follow-up 1 to 2 weeks after discharge and 
are usually permitted to resume normal physical activi- 
ties as tolerated. 
Results 
Experimentally, Stevens et all2 showed the feasibility of 
coronary artery bypass grafting using the port-access 
technique. Coronary revascularization was initially 
performed through small 10-mm thoracic ports grafting 
the left internal mammary artery (harvested thoraco- 
scopically) to the left anterior descending artery. This 
method retained the advantages of conventional coro- 
nary anastomosis on a nonbeating heart, while employ- 
ing a less invasive means of exposure than standard 
median sternotomy. Also in the canine model, the 
port-access system has been shown to provide equiva- 
lent myocardial protection compared with conventional 
methods during the period of aortic cross-clamping. '* 
Based on indexes of left ventricular contractility, includ- 
ing maximal elastance, end-diastolic stroke work, pre- 
load recruitable stroke work, and stroke work end- 
diastolic length relationship, no difference was detected 
between animals who underwent cardiopulmonary by- 
pass using the port-access system and those who under- 
went conventional cardiopulmonary bypass. '* 
Reitz et all3 presented the results of the initial clinical 
trial of 10 patients who underwent port-access single- 
vessel coronary artery bypass grafting. The left internal 
mammary artery was harvested thoracoscopically in 
the early experience o r  under direct vision in the later 
experience. Although the intention of the port-access 
approach was to perform coronary revascularization 
through multiple small thoracic ports, this technique 
was subsequently modified to a limited left anterior 
thoracotomy to facilitate internal mammary artery 
harvest and the graft-coronary anastomosis. Three 
patients required conversion to a standard median 
sternotomy approach. All patients were alive at early 
follow-up with a left internal mammary artery patency 
of 90%. l3 
Ribakove et all7 recently reported their initial 6-month 
experience with port-access coronary revascularization 
at New York University. Thirty-one patients (25 men 
and 6 women; mean age, 60 years) underwent port- 
access coronary revascularization. Seventeen patients 
had single coronary artery bypass grafting, 9 had 
double bypass grafting, and 5 had triple bypass graft- 
ing. The left internal mammary artery was used in all 
cases and provided the inflow in multivessel cases. 
There were no operative deaths, strokes, or myocardial 
infarctions. None of the patients required conversion to 
sternotomy. Perioperative complications include pulmo- 
nary embolus (n = l), reoperation for bleeding (n = 2), 
revision to add a bypass graft (n = l), and angioplasty 
of a right coronary artery graft (n = 1). Postoperative 
coronary angiography was performed in 29 patients; 
the graft patency rate of the left internal mammary 
artery to the left anterior descending artery anastomo- 
sis was loo%, and the overall patency rate was 98%. 
The mean hospital stay was 5 days, and the mean time 
to full activity was 3 weeks. 
Recently, a number of patients have undergone 
successful multivessel coronary revascularization using 
saphenous vein grafts originating proximally from the 
ascending aorta in addition to left internal mammary 
artery to left anterior descending artery bypass graft- 
ing. As of November 1997, a total of 327 patients have 
undergone coronary artery bypass grafting with 2 or 
more grafts in the United States and Europe. The mean 
age of the patients was 61 years, with a men to women 
ratio of 3 : l .  A total of 210 patients received 2 bypass 
grafts, and 117 patients had 3 or more grafts. The 
overall operative mortality rate was 2.2%. Periopera- 
tive complications included stroke (2.2%), myocardial 
infarction (1.1?40), reoperation for bleeding (3.3%), 
multiorgan failure (0.7%), renal failure (1.170), new 
onset atrial fibrillation (7.7%), and reoperation to 
revise the initial bypass graft (0.7%). 
SUMMARY 
An endovascular system for cardiopulmonary bypass 
and cardioplegic arrest has been developed using periph- 
eral cardiopulmonary bypass and transfemoral place- 
ment of an endoaortic balloon occlusion catheter. This 
port-access system achieves aortic occlusion, cardiople- 
gia delivery, and left ventricular decompression. This 
technique enables the surgeon to effectively perform 
single-vessel and multivessel coronary revasculariza- 
tion and various intracardiac procedures using smaller 
incisions rather than conventional median sternotomy. 
The arrested heart permits adequate exposure of the 
lateral and posterior walls facilitating multivessel coro- 
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nary revascularization. In addition to left internal grafting without cardiopulmonary bypass. Ann Thorac Surg 61:63-66, 
1996 
las J Card Thorac Surg 2:152-154, 1993 
mammary artery to left anterior descending bypass 
grafting, saphenous vein grafts originating from the 
11. Peters WS: Minimally invasive cardiac surgery by cardioscopy. Austra- 
ascending aorta can be used to bypass branches of the 12. Stevens JH, Burdon TA, Peters WS, et al: Port-access coronary artery 
bypass grafting: A proposed surgical method. J Thorac Cardiovasc Surg 
111:567-573,1996 
right and circumflex coronary arteries. 
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